1. Introduction
===============

Breast cancer treatment has evolved over the last few decades, and localized disease is now potentially curable with conventional treatment modalities. However, the treatment of metastatic disease is much more complicated. Some patients (6%--10%) present with metastatic disease at the time of diagnosis and some in whom metastasis cannot be detected during the initial diagnosis, might advance to a metastatic disease shortly after. There is a need for new treatment strategies that prolong overall survival and improve patient quality of life.[@R1] Chemotherapy, radiotherapy, hormonotherapy, and biologic agents are used in various combinations for the treatment of breast cancer, with a 30% overall survival increment, with regard to all stages, over the last 30 years. Nevertheless, this increase in the survival rate is only 3% at stage IV, and breast cancer remains one of the leading causes of death among women worldwide.^\[[@R2],[@R3]\]^ For initial stage IV patients and the patients who have progressed under standard care, immune therapy can be a new and promising treatment option.[@R4] The immune system plays a critical role in both the development and metastasis of cancer and checkpoint molecules are a crucial part of the equilibrium between stimulant and inhibitory mechanisms. Checkpoint molecules, such as cytotoxic T lymphocyte antigen 4 (CTLA-4) and programmed death 1 (PD-1) molecules, expressed mainly on T cells, B cells, and natural killer cells, have a negative effect on T cell-mediated immune response.^\[[@R5],[@R6]\]^ PD-1 is a transmembrane protein, and its binding to the ligand programmed cell death-ligand 1 (PD-L1), and to a lesser extent, to the ligand programmed cell death-ligand 2 (PD-L2), activates the PD-1 pathway, attenuates T cell activity, and increases the function of the immune suppressive subtype of T cells, the regulatory T (T regs) cells.^\[[@R7],[@R8]\]^ PD-1 also plays an inhibitory role in the response of B cells, the activation of which causes susceptibility to apoptosis; an immune evasion mechanism used by the tumor cells.[@R6] Increased PD-L1 expression is often associated with negative prognostic factors and decreased survival in many cancers.^\[[@R5],[@R7]\]^ The anti-PD-1 or anti-PD-L1 monoclonal antibodies-mediated blockade of the PD-1 pathway provides an early positive response, with acceptable side effects.[@R9] Even though breast cancer is less immunogenic, there exist subtypes of breast cancer that show different immunologic properties, and successful clinical applications of these drugs in metastatic melanoma, non-small cell lung cancer, and renal cell cancer encourage its use for other common malignancies, including breast cancer. Studies on breast cancer PD-L1 expression in relation to survival have reported heterogeneous results, but PD-L1 expression is generally associated with poor prognostic factors, such as high grade, estrogen receptor (ER) negativity, and human epithelial growth factor receptor 2 (Her2) positivity.^\[[@R10],[@R11],[@R12],[@R13]\]^

Historically the treatment of stage IV breast cancer consists of systemic therapy and radiotherapy to relieve symptoms. Surgery is only reserved for palliative treatment (such as those of bleeding, infection, or tumor necrosis). Demonstration of the survival benefit after resection of the primary tumor in a few stage IV cancers, including breast cancer, has justified primary tumor resection in stage IV cancer.^\[[@R14],[@R15],[@R16],[@R17]\]^ However, this approach is still a matter of debate and is not accepted as a part of standard treatment. Recently, some studies have shown improved survival after resection of the primary tumor in stage IV disease.^\[[@R16],[@R17],[@R18]\]^ Even though it is not yet a standard treatment, a subgroup of patients might probably benefit from surgical excision of the intact primary tumor in stage IV breast cancer.

This study aims to investigate the PD-L1 expression pattern, and the promoter methylation rate in primary tumors, paired lymph nodes, and distant metastases, as well as the relationships with survival in initially staged IV breast cancer patients operated for the intact primary tumor.

2. Materials and methods
========================

2.1. Selection of the cases
---------------------------

This study was approved by the institutional ethical committee (Go.18/318). Among 76 females diagnosed with stage IV disease at admission and operated for intact primary tumor or metastasis diagnosed within 2 months after the operation, between January 2001 and March 2008, 57 cases with available paraffin blocks of the primary tumor were included in the study. Thirty-three cases had available tissue representing lymph nodes, whereas 14 cases had a biopsy from metastasis. Slides of all cases were reviewed by 2 pathologists (NEI and KK), tumor representative areas were selected, and 4-mm diameter tissue microarrays were constructed from paraffin blocks.

2.2. Immunohistochemistry for PD-L1
-----------------------------------

Four-micron thick slides were obtained from 3 to 4 mm diameter tissue microarray paraffin blocks and stained for PD-L1 antibody (Cell Signaling, E1L3N, 1/400, Denver, MA) using Leica Bond-Max Autostainer, according to the manufacturer\'s instructions. Antigen retrieval was performed with EDTA pretreatment for 20 minutes. Membranous staining of over 5% of the cells was regarded as positive. PD-L1 expression in tumor-infiltrating inflammatory cells was also noted. In 5 cases, PD-L1 expression in the primary tumor could not be evaluated due to technical problems. PD-L1 expression in the lymph nodes and metastatic sites were available in 33 and 14 cases, respectively.

2.3. PD-L1 methylation analysis
-------------------------------

Sections (5 × 10 microns-thick) were allocated for methylation analysis from 15 primary tumors, 18 lymph node metastases, and 5 distant metastases. DNA isolation from formalin fixed paraffin embedded (FFPE) samples was done by QIAamp DNA FFPE Tissue Kit (Qiagen, Venlo, Holland) according to the manufacturer\'s protocol. Bisulfite conversion of FFPE DNA from each sample (500 ng) was performed using an EZ DNA Methylation-Gold kit according to the manufacturer\'s protocol (Zymo Research, Irvine, CA). The DNA methylation of PD-L1 was determined using a qMSP assay.[@R19] Quantitative real-time PCR experiments were performed using the Light Cycler 480 (Roche, Basel, Switzerland).

2.4. Statistical analysis
-------------------------

Numerical data were presented with mean and standard deviation, and categorical data were presented using frequency and percent. The comparisons between independent groups were made using Fisher exact test or chi-square test for categorical data. Survival analyses were performed by Kaplan-Meier survival analysis. Cox proportional hazard regression was used to determine independent factors on survival probability. Comparisons of survival between independent prognostic groups were made using the log-rank test. SPSS software v23.0 (IBM Inc., Armonk, NY) was used. A *P* value of less than .05 was considered statistically significant.

3. Results
==========

3.1. Clinical features
----------------------

The clinicopathological characteristics of 57 patients are given in Table [1](#T1){ref-type="table"}. All patients were female with a mean age of 52.7 ± 11.7 years. Eighteen patients (31%) were pre-menopausal. Histologically, the most common type was infiltrative ductal carcinoma (68%) followed by mixed infiltrative (ductal and lobular) carcinoma (16%) and infiltrative lobular carcinoma (9%). All tumors were graded as grade 2 or 3, except one. The mean tumor size was 4.9 ± 2.7 cm. Three patients were still alive at the time of the study, while 31 patients died, and 23 patients are lost to follow up. Overall median survival was 33 ± 38.9 months, ranging from 5 to 185 months. Patients whose metastasis was limited to bone lived significantly longer than those with visceral metastasis (126 ± 35.6 months vs 38 ± 6.2 months, *P* = .013). Mean survival of ER (−) and (+) cases were 33.0 ± 4.5 and 94.0 ± 12.7 respectively (*P* = .0004). Mean survival of triple negative cases was significantly low (21.8 ± 2.8 vs 83.3 ± 11.1, *P* = .0004). In a multivariate analysis including age, nodal status, and PD-L1, ER, and Her2 status only the ER status remained an independent prognostic factor (HR 4.5 CI 1.3--15.0, *P* = .013)
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Clinicopathological characteristics of 57 patients.
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3.2. PD-L1 Immuno-expression
----------------------------

The overall PD-L1 expression in the primary tumor was 23.1% (12/52) (Fig. [1](#F1){ref-type="fig"}). A proportion \[15.2% (5/33)\] of metastatic tumors in the lymph nodes were positive for PD-L1, while 21.4% (3/14) of distant metastases expressed PD-L1. Tumor-infiltrating inflammatory cells also expressed PD-L1 in half of the primary tumors and 43% of distant metastatic foci. PD-L1 expression was less frequent (around 20%) in ER-positive tumors (ER+PR+, ER+PR-, ER+PR+HER2+) compared to triple negative (25%) and HER2 positive groups (31%) (Table [2](#T2){ref-type="table"}).

![Immunohistochemical staining of PD-L1 in 2 high-grade primary tumors. A) Diffuse PD-L1 staining in a HER2 (+) breast carcinoma (400x). B) Focal but strong PD-L1 positivity in triple negative breast carcinoma (×400).](medi-98-e16773-g002){#F1}
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PD-L1 expression and hormonal/HER2 status of tumors.
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The differential expression of PD-L1 among primary tumor, lymph node, and distant metastatic foci are given in Table [3](#T3){ref-type="table"}. The PD-L1 statuses of the primary tumor, lymph node, and distant metastatic foci were consistent in 81.8% and 66.7% of the cases, respectively. However, in a subset of cases, tumor cells in both regional and distant metastatic foci either started to express or lost PD-L1 regardless of PD-L1 status in the primary tumor (Fig. [2](#F2){ref-type="fig"}). In metastatic foci, 11.3% of the cases became PD-L1 positive, while 40.2% lost PD-L1 expression. Discordance in PD-L1 expression was also observed between lymph node metastasis and distant metastasis in some cases.
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PD-L1 status of the primary tumor and paired metastatic lymph node/distant metastasis.
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![PD-L1 expression variability of 2 selected cases in the primary tumor, lymph node, and distant metastasis. The first row represents a high-grade HER2 positive breast carcinoma diffusely positive for PD-L1 in the primary tumor (A), whereas the lymph node (B) and liver metastasis (C) were negative for PD-L1. Please note the inflammatory cells surrounding metastatic focus express PD-L1. The second row represents triple-negative high-grade breast carcinoma and shows a reverse PD-L1 expression pattern; primary tumor (D) and its lymph node metastasis (E) were negative for PD-L1, while the distant metastatic focus in the brain (F) showed diffuse and strong PD-L1 expression.](medi-98-e16773-g005){#F2}

3.3. PD-L1 Methylation
----------------------

PD-L1 methylation status data were available for 15 primary tumors, 18 lymph nodes, and 5 distant metastases. The mean PD-L1 methylation ratios were 6.0% (0--18.5), 5.2% (0--21), and 0% for the primary tumor, lymph node metastasis, and distant metastasis, respectively. PD-L1 immunoexpression and DNA methylation did not show a significant correlation.

3.4. PD-L1 expression and survival
----------------------------------

The estimated median survival time of the PD-L1 negative cases after diagnosis was 48.0 ± 6.6 months, in contrast to 33.0 ± 5.6 months in PD-L1 positive patients (*P* = .181) (Fig. [3](#F3){ref-type="fig"}). The estimated median survival time after operation in the PD-L1 negative and PD-L1 positive cases were 47 ± 8.5 and 29 ± 4.8 months, respectively (*P* = .247). Estimated survivals were not statistically different between the PD-L1 positive and PD-L1 negative cases.

![The relationship between tumor PD-L1 expression and survival.](medi-98-e16773-g006){#F3}

4. Discussion
=============

Because of the heterogeneity of presentation, breast cancer treatment becomes more difficult as the disease advances. All treatments must be individualized, and the selection of patients who will benefit from different treatment modalities is crucial.

Surgery for intact primary stage IV breast cancer is controversial. patients with good prognostic factors, such as young age, limited metastatic disease burden, or metastasis limited to bone, are reported to benefit from surgery.[@R20] We observed similar results in our study; patients whose metastasis is limited to bone showed prolonged survival compared to patients with solid organ metastasis. Several mechanisms have been postulated to explain this survival advantage in the surgically treated group. One is the decreasing tumor burden, thereby increasing the effectiveness of chemotherapy. Another possible mechanism is the prevention of systemic tumor spread by eliminating the source of circulating tumor cells, related to the disease progression.^\[[@R21],[@R22]\]^ Modulation of tumor-induced immune suppression is another postulated mechanism. Even though surgical excision can eliminate immune suppressive factors produced by tumor and helps with immune system recovery, surgery for intact primary stage IV breast cancer is controversial.[@R23]

A significant number of triple-negative and Her2+ breast cancers expressed PD-L1 in this study. These results are consistent with those of previous studies and support the notion that aggressive subtypes of breast cancer frequently express PD-L1.[@R24] Interestingly, contrary to previous reports,^\[[@R25],[@R26]\]^ our results showed a high PD-L1 expression in ER+ tumors, which could be due to bias resulting from the inclusion of only stage IV patients, regardless of hormonal status. Even though we observed no statistically significant difference between PD-L1 expression and survival (33.0 ± 5.6 vs 48.0 ± 6.6 months, *P* = .181), it can be postulated that PD-L1 (+) cases tend to have a poorer clinical prognosis. Small sample size and high loss to follow up rates might also have affected our results. Much as clinical trials continue anti-PD-1 and anti- PD-L1 therapies for breast cancer, especially the triple negative subtype, the patients who would benefit from the treatment is hard to predict, as clinical response rates are limited and often with adverse effects.[@R27] Using only PD-L1 as a predictive marker might be unsuitable as no universal approach to evaluate PD-L1 expression has been developed. The differences between techniques, antibodies, and cut-off points affect comprehensive evaluation.[@R9].

What is the gold standard for the evaluation of PD-L1 expression: immunohistochemistry for protein expression or molecular studies on PD-L1 gene? The expression of PD-L1 is controlled at multiple levels, and not only the gene expressions, but also promoter methylation, post-transcriptional, translational, and post-translational modifications, can be regulated by specific DNA modifications, actively contributing to the overall levels of the PD-L1 protein.[@R28] PD-L1 can be induced in many cell types, and inflammatory factors are the major driver that upregulates its expression.[@R29] In our study since the methylation rate of the PD-L1 promoter was very low, the lack of PD-L1 expression might not be due to the epigenetic silencing of this gene. Nevertheless, inflammatory infiltrate (and the mediators derived thereof) might act as principal factors that modulate the presence of this inhibitory ligand in breast cancer cells.[@R30] However, as the samples included in this study were obtained from stage IV breast cancer patients who had not undergone systemic adjuvant, conventional chemotherapy, or radiotherapy, the gene expression profile or methylation status was not influenced by the treatment modalities.

Alteration in PD-L1 expression during the disease course between primary and metastatic tumors might also have clinical importance. This discordance is similar to the discrepancy in the ER, PR, and Her-2 statuses of the primary breast tumor and its distant metastatic foci, a well-documented phenomenon in breast cancer, which might also have an impact on treatment strategies.^\[[@R3],[@R31],[@R32],[@R33]\]^ Even though our study is limited by its small sample size and use of tissue microarrays instead of whole surface sections, we observed similar discordance in PD-L1 expressions of the primary tumor, lymph node, and distant metastasis, and our results were comparable to previous studies that reported the conversion of PD-L1 status in triple negative breast cancer patients.[@R34] Manson et al. reported a PD-L1 (on tumor) discordance between primary tumors and matched distant metastases in 28.5% of the patients with breast cancer.[@R35] Our study also showed that discordance could be present either way (PD-L1 might become positive or negative) in the primary tumor, lymph node, and distant metastasis. A few studies on other cancers have reported that there are responders who are PD-L1 (−), though PD-L1 (+) tumor response rates are higher.[@R36] It can be speculated that excision of a PD-L1 (−) primary tumor might facilitate the immune response, which can have a different PD-L1 status to the metastasis. Another possible explanation for this discrepancy is tumor heterogeneity frequently seen in breast cancer.^\[[@R37],[@R38]\]^ Also, many breast tumors show mixed morphology (16% of our cases are diagnosed as mixed ductal and lobular carcinoma) which may also reflect a genotypical and/or immunophenotypical diversity of a given tumor. Furthermore, it is known that breast tumor primaries can show a mosaic c-erbB2 expression and, in particular, may show a discrepancy between primary and metastatic foci in up to 26% of the cases, similar to the discrepancy in PD-L1 expression demonstrated in our study.[@R39] As a result of primary tumor heterogeneity, the discrepancy in PD-L1 expression may also be simply due to the use of a relatively small sample (4-mm thick microarrays) as a representative of either primary or metastatic tumors. Lastly but more importantly, our results indicate that primary tumor evaluation alone might not be sufficient to make decisions about checkpoint blockade immunotherapy.

The main limitations of our study are its retrospective nature, small sample size, use of 4-mm microarrays, and high loss to follow up rates, but as primary tumor resection is not the standard care for initially metastatic breast cancer, finding cases and randomization was not feasible.

In conclusion, PD-L1 positivity might be associated with all (ER-positive, triple negative or Her2+) subtypes of stage IV breast cancer in patients who have been operated for the intact primary tumor. Evaluation of PD-L1 status of all tissues would likely aid decisions about possible anti-PD-L1 treatment, as there can be a discordance between primary and metastatic foci. PD-L1 methylation ratios were low, and DNA methylation did not show correlation with PD-L1 expression in this study. PD-L1 expression did not significantly correlate with survival, but a tendency of PD-L1 (−) patients towards a better prognosis compared to PD-L1 (+) patients was observed, which could be clinically significant.
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